Ulinastatin [urinary trypsin inhibitor (UTI)] plays an important role in the protection of organs against ischemic injury during severe inflammation. The purposes of this study were to examine the effects of UTI on the levels of pro-inflammatory cytokines (PICs) and protein expression of PIC receptors in the neocortex and hippocampus CA1 region of rats after transient global ischemia induced via cardiac arrest (CA). Specifically, interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) were analyzed. CA was induced by asphyxia followed by cardiopulmonary resuscitation in rats. ELISA and western blot analysis were employed to determine PICs and their receptors in the neocortex and hippocampus. Our results show that IL-1β, IL-6 and TNF-α were significantly elevated in the neocortex and hippocampal CA1 field after CA. This was accompanied with an increase in PIC receptors, namely IL-1R, IL-6R and TNFR1. Systemic injection of UTI attenuated the amplification of PIC signal pathways in these brain regions. UTI also improved the modified Neurological Severity Score and brain tissue edema in CA rats. Notably, UTI resulted in an increase in survival of CA rats as compared to CA rats without treatment. In conclusion, UTI plays a beneficial role in modulating transient global ischemia induced by CA by altering PIC signal mechanisms, but further studies are needed to draw more firm conclusions.
Introduction
During cardiac arrest (CA), blood flow and oxygen delivery are abruptly halted, which leads to systemic ischemic injury in various organs including the brain [1] . Although cardiopulmonary resuscitation (CPR) is applied, inadequate blood flow and tissue oxygen delivery still persist due to myocardial dysfunction, hemodynamic instability and microvascular dysfunction. In response to ischemic and hypoxic insults, neuroprotective mechanisms are engaged in the brain by improving the permeability of the blood brain barrier, reducing brain edema formation and promoting the recovery of brain injuries [2] . Thus, it is important to study signaling pathways and determine biological agents involved in neuroprotective effects and attenuating damages evoked by global cerebral ischemia.
Pro-inflammatory cytokines (PICs) i.e., interleukins, lymphokines and cell signaling molecules are released by numerous cells including leukocytes, myocytes, microglia and astrocytes [3] . The mediators of immune and inflammatory reactions interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) play an important role in responding to cerebral ischemic insults [4, 5] . These PICs modulate the responsiveness of many cell types in a number of diseases. During diseased states, PICs can recruit cells to inflammatory sites and alter cell survival, division, proliferation and differentiation [6] .
Ulinastatin, also called urinary trypsin inhibitor (UTI) is a glycoprotein that acts as a trypsin inhibitor [7] . It can be derived from urine or synthetically produced and is conventionally effective in treatment of acute and chronic pancreatitis, toxic shock and sepsis etc. [7] [8] [9] . It has also been reported that UTI suppresses neutrophil accumulation and activity. The genes and proteins regulated by UTI are implicated in the inflammatory process [10] . Therefore, UTI is not just a protease inhibitor, but can also prevent inflammation and cytokine-dependent signaling pathways. In preclinical and clinical studies, UTI has been reported to protect against acute lung injury, graft ischemia/reperfusion injury, renal failure after cardiopulmonary bypass, severe burn injury and septic shock [7] .
In addition, an important prior study [11] suggests that UTI can attenuate the levels of central IL-6 and TNF-α and improve brain edema, neurological function and survival in CA rats. Nevertheless, the underlying mechanisms leading to the effects of UTI on ischemic insults still need to be determined. In the present study, we examined the role played by UTI in regulating PIC mechanisms in the rats' specific brain regions, namely the neocortex
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and hippocampus CA1 after CA induced-global ischemia. Furthermore, the specific effects of UTI on the protein expression levels of PIC receptors were examined in those brain regions of CA rats. We hypothesized that UTI plays a beneficial role in modulating the levels of IL-1β, IL-6 and TNF-α and protein expression of their respective receptors IL-1R, IL-6R and TNFR1 in those brain regions, and thereby improves neurological deficits and survival. 
Materials and methods

Experimental animals
Study interventions and animal groups
The rats were divided randomly. The group 1 rats received the same surgical procedures and endotracheal intubation that were performed, but with no asphyxia and CPR. In group 2, CA and CPR were performed and the rats were given 0.5 ml of saline (intraperitoneally, every 12 h for 3 days) after CA. In group 3, CA and CPR were carried out and 2000 units/kg body weight of UTI (intraperitoneally, every 12 h for 3 days) was injected after CA. At the end of each experiment, the rats were sacrificed and then the brains were taken out. The neocortex and CA1 region of the hippocampus were used for biochemical measurements.
Neurological examination
The modified method of the Neurological Severity Score (mNSS) was used to examine neurological functions in this study ( Table 1 ).
Note that the mNSS was generally used to assess a combination of motor, sensory, and balance functions. Neurological function was graded on a scale of 0-18 (normal score, 0; maximal deficit score, 18). If it was found that the mNSS score of rats was > 0 before CA, this indicated that the rats were abnormal and they were excluded from the experiment. It is noted that the experiments were performed in a blind manner.
Brain edema (brain water content) was determined 72 h after CA. The brain slices (2 mm thick) of the hemispheres and cerebellum were cut. The whole brain water content was calculated from all slices [12, 13] . The brain slices were weighed to obtain the wet weight immediately and dried in an oven at 100°C for 24 h to obtain the dry weight. The cerebellum was used as the internal control. 
Statistical data analysis
Experimental data were analyzed using oneway repeated measures analysis of variance (ANOVA). As appropriate, Tukey's post hoc tests were used. All values were presented as mean ± standard deviation. For all analyses, differences were considered significant at P < 0.05. All statistical analyses were performed using SPSS for Windows version 20.0 (SPSS Inc., Chicago, IL, USA). Similarly, fig. 3A and B illustrate that induction of CA increased the protein expression of IL-1R, IL-6R and TNFR1 in the cortex and hippocampus CA1 region (P < 0.05, control rats vs. CA rats; n = 6-10 in each group). When UTI was injected, increases in protein expression of these PIC receptors were significantly attenuated in CA rats.
Results
Survival rate in three groups of animal
Discussion
A rat model of asphyxia induced CA followed by CPR has widely been used to study transient global ischemia. Prior studies have demonstrated that hypoxia inducible factor-1 (HIF-1) subtype HIF-1α is expressed in the brain tissues including the neocortex and hippocampus and engaged in neuronal apoptosis after induction of global ischemia [14] [15] [16] [17] . In particular, a recent study using this model has further demonstrated that CA increases IL-1β, IL-6 and TNF-α and upregulates their receptors IL-1R, IL-6R and TNFR1 in the hippocampus [18] . Systemic activation of HIF-1α attenuates these exaggerated PIC signal pathways [18] , and as a result neuronal apoptosis and neurological deficits induced by CA are attenuated [19] . In the present study, we administered UTI and then examined its effects on neurological deficits observed in CA rats.
Our data suggests that PIC mechanisms are engaged in the protective role played by UTI in the pathophysiological process of transient global ischemia.
In an important prior study [11] , UTI has been shown to play a protective role in CA inducedcerebral ischemia by attenuating brain edema and inflammatory responses (i.e., central IL-6 and TNF-α) and thereby improving survival and neurological function. In contrast, in the present study, we further studied the effects of UTI on the protein expression levels of PIC receptors in CA rats. It should also be noted that we determined the levels of IL-1β, IL-6 and TNF-α as well as their respective receptors in the specific brain regions, cortex and hippocampus CA1 region. Those specific brain regions were selected in our study because expression of PICs and their receptors is upregulated in those regions following CA in rats and in general they are also more related to neurological deficits Systemic administration of UTI attenuated increases of PICs in rats 72 h after CA. *P < 0.05 vs. control rats and CA rats injected with UTI. The number of rats n = 16 in control; n = 21 in CA group and n = 31 in CA group with UTI. CA, cardiac arrest; PICs, pro-inflammatory cytokines; UTI, urinary trypsin inhibitor.
after cerebral ischemia than other brain regions [18, 20] . Our results showed that CA amplifies the levels of IL-6 and TNF-α in addition to IL-1β, which is consistent with the previous report [11] . Notably, we further found that the protein expression of PIC receptors such as IL-1R, IL-6R and TNFR1 were also increased in the cortex and hippocampus CA1 regions. In addition, administration of UTI attenuated increases in those PICs and their receptors in CA rats.
Taken together, UTI plays a beneficial role in regulating cerebral ischemia.
PICs including IL-1β, IL-6 and TNF-α are responsive to global ischemic stress [5] and during this response PICs recruit cells to inflammatory sites and modulate cell survival, division, proliferation and differentiation [6] . This process is likely to modulate the responsiveness of many cell types under diseased conditions. Using a rat model it has previously been shown that CA increases IL-1β, IL-6 and TNF-α in the hippocampus CA1 region [18] . CA also augments a representative nucleus transcription factor indicating cell apoptosis, caspase-3, which is linked to upregulation of PIC signal pathways. In the current study, we evoked by induction of CA [19] . As a result, this process improves neurological deficits and neuronal edema observed in rats after CA.
Also, activation and maintenance of HIF-1α attenuates the upregulation of central nervous PIC pathways in rats with transient global ischemia [18] . Data of our current study further provides evidence suggesting that inhibition of PIC signal pathways is likely involved in neuroprotective effects and attenuating cerebral damages evoked by global ischemia.
One of the study limitations is that the cerebellum was used as an internal control to assess the brain water content, but one should note that the cerebellum was likely altered in a rat model of global cerebral ischemia.
Nonetheless, consistent with the prior report [11] our data indicates that UTI can attenuate amplified brain water content induced by CA.
Second, it is known that CA-induced cerebral ischemia is associated with inflammation and release of numerous and various inflammatory mediators [4, 5] . In the present study, we 
